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Summary Interferon-a (IFN) is widely used in the treatment of certain cancers and viral infections, including
hepatitis C (HCV). Unfortunately, depression is a common side effect of IFN therapy, affecting approximately a third of
HCV patients receiving IFN therapy. Studies have shown that selective serotonin reuptake inhibitors (SSRIs) can
effectively treat IFN-induced depression in only 63–75% of cases. For the remaining percentage, depression often
necessitates dose reduction of or discontinuation from IFN therapy. Emerging evidence indicates that IFN may cause
depression by affecting brain serotonin. IFN has been shown to increase serotonin reuptake and to decrease serotonin
synthesis. We hypothesize that SSRIs are not fully effective because they affect only serotonin reuptake, not serotonin
synthesis, and that effective treatment must address both uptake and synthesis. 5-Hydroxytryptophan (5-HTP)
effectively increases central nervous system synthesis of serotonin. It is the immediate precursor of serotonin and is
widely available as a dietary supplement, which is well absorbed after an oral dose. Several double-blind studies have
shown 5-HTP to be effective in the treatment of nondrug-induced depression. We hypothesize that patients who
become depressed on IFN will respond to the synergistic combination of SSRIs plus 5-HTP.

�c 2005 Elsevier Ltd. All rights reserved.
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Introduction

Interferon-a (IFN) is first-line treatment for a num-
ber of diseases, including hepatitis C (HCV). Unfor-
tunately, depression is a common side effect of IFN
therapy, which prevents many patients from com-
ved.
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pleting or even attempting IFN therapy. This article
reviews the medical literature supporting the
hypothesis that IFN induces depression by disrupt-
ing the brain serotonin system through at least
two different mechanisms. We then propose a no-
vel treatment strategy targeting these mecha-
nisms, involving combination therapy with a
serotonin reuptake inhibitor and 5-hydroxytrypto-
phan (5-HTP).
Interferon-induced depression is a
significant problem

In the United States alone, an estimated 3–4 mil-
lion individuals are infected with the hepatitis C
virus (HCV) [1] (nearly 2% of the total US popula-
tion, making hepatitis C more prevalent than
HIV). Worldwide, approximately 160 million people
are infected [2]. Of those with HCV in the US, 25–
30% receive treatment [3]. To date, interferon-a
(IFN) 1 is the only FDA-approved treatment for
HCV [4]. IFN is also used in the treatment of malig-
nant melanoma, hairy cell leukemia, chronic mye-
loid leukemia, and AIDS-related Kaposi’s sarcoma
[4]. According to IMS America, 60,000 prescriptions
for IFN are filled each month [2].

Unfortunately, IFN induces neuropsychiatric side
effects consistent with a Major Depressive Episode:
depressed mood, fatigue, lethargy, cognitive
impairment [5] and impairment in social and occu-
pational functioning [5]. Suicide attempts and
completed suicides have also been linked to IFN
treatment [6].

A recent study reported that IFN-induced
depression developed in 33% of IFN-treated HCV
patients, all of whom had been free of active psy-
chiatric illness for at least 6 months before treat-
ment initiation [7]. Other studies have reported a
27–35% incidence of depression among patients
who have recently begun treatment involving IFN
[8,9]. One study of 96 patients found that, after
beginning IFN therapy, all of the patients devel-
oped or showed an increase in depressive symp-
toms [10]. It has been estimated that depression
necessitates dose reduction in 40% of IFN-treated
patients and that 15% of patients drop out of IFN
treatment due to depression [11].
1 In many formulations of interferon, it is combined with
ribavirin. Interferon-a is also available in a variety of forms. The
newer, pegylated forms, such as peginterferon a-2b (PEG-
Intron�) and peginterferon a-2a (Pegasys�), are probably the
most common at this time.
Consistent with the human evidence of a link be-
tween IFN and depression, rats treated with IFN
and evaluated with the forced swim test [12]
showed increased immobility time, predictive of
increased liability for depression in humans. In
addition, there was a positive dose–response rela-
tionship between IFN and immobility time [13].
Current treatments: serotonin reuptake
inhibitors

Most studies of treatments IFN-induced depression
have involved the class of antidepressants known as
selective serotonin reuptake inhibitors (SSRIs)
[7,9,14,15]. Although these studies suggest that
SSRIs are a promising treatment for IFN-induced
depression, it is not clear what the true response
rate will eventually prove to be. Of these studies,
only one used a double-blind placebo-controlled
design [9]. Extrapolating from that small prophy-
lactic study, one might estimate an SSRI failure
rate of approximately 25%. The true SSRI failure
rate may prove to be higher. In a meta-analysis of
36 clinical trials of patients with (non-drug-
induced) depression, 37% of patients failed to
respond to SSRIs [16].
Pathophysiology of IFN-induced
depression

IFN increases synaptic serotonin reuptake

Emerging evidence indicates that IFN increases
serotonin reuptake and the transcription rate
of serotonin transporter mRNA [17]. The increase
in serotonin reuptake would therefore be expected
to decrease synaptic serotonin, decrease serotonin
neurotransmission, and lead to depression. SSRIs,
by definition, inhibit serotonin reuptake. Because
the effect of SSRIs on serotonin reuptake is oppo-
site to that of IFN, there is good scientific rationale
for their use in IFN-induced depression. Why, then,
should SSRI therapy not be consistently efficacious?
We believe that SSRIs address only part of the path-
ophysiology of IFN-induced depression.
IFN reduces serotonin synthesis

The metabolic precursor to serotonin is trypto-
phan. However, only a small percentage of trypto-
phan is available to the serotonin pathway;
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approximately 90% is catabolized along the com-
peting kynurenine pathway [18]. This pathway is
controlled by the enzyme indoleamine 2,3-dioxy-
genase (IDO) [19]. IFN induces this enzyme, as evi-
denced by increases in IDO mRNA expression [20],
in plasma kynurenine [21], and in the plasma kynu-
renine-to-tryptophan ratio [22].

Because IFN increases the amount of tryptophan
metabolized along the competing kynurenine path-
way, correspondingly less tryptophan is available
to the serotonin pathway (see Fig. 1). IFN-induced
reductions in serotonin synthesis have been ob-
served in both animals and humans. In rats, IFN
administration has been found to significantly re-
duce, in a dose-dependent manner, serotonin in
the frontal cortex, midbrain, and striatum [23]. In
humans, IFN treatment has been found to signifi-
cantly reduce plasma serotonin [22].

Several studies have shown that reducing seroto-
nin synthesis by depriving the brain of tryptophan
induces depression within hours [24–26]. It has
been hypothesized that IFN induces depression by
a related mechanism [19,22,27], diagrammed in
Fig. 1. Although other neurotransmitters, notably
catecholamines, are involved in mood regulation,
these studies suggest that normal mood depends
in large part on normal serotonin stores.
Serotonin precursor:
5-hydroxytryptophan

Influencing serotonin synthesis

Serotonin stores in the CNS cannot be directly influ-
enced, as serotonin in the periphery of the body
cannot cross the blood–brain barrier [28]. Addi-
tionally, dietary tryptophan cannot significantly
impact CNS serotonin levels because IDO is further
activated by the increase in tryptophan, leading to
a 6-fold increase in the production of kynurenine at
the expense of production of serotonin [29].
Figure 1 IFN upregulates IDO, diverting tryptophan
towards the kynurenine pathway and away from the
synthesis of 5-HTP and serotonin.
However, serotonin synthesis can be influenced
by intervening at a point in its synthetic pathway
that is downstream from tryptophan. The synthesis
from tryptophan to serotonin proceeds via the
intermediary 5-hydroxytryptophan (5-HTP). 5-HTP
can be taken as a dietary supplement and is well
absorbed from an oral dose, with about 70% ending
up in the bloodstream [30,31]. 5-HTP easily crosses
the blood–brain barrier and effectively increases
central nervous system (CNS) synthesis of serotonin
[32]. Additionally, 5-HTP is not affected by IDO. We
therefore propose that the disruption in serotonin
synthesis caused by IFN-therapy can be normalized
by administering supplemental 5-HTP, as dia-
grammed in Fig. 2.

Commercial availability of 5-HTP

5-HTP is extracted from the Griffonia simplicifolia
plant of West Africa. It is typically available as the
LL-enantiomer, where most of the biological activity
resides [33]. LL-5-HTP is also known by the synonyms
oxitriptan and Ro-0783/B and is available in Europe
under various brand names. In the United States, it
is commercially available under the Dietary Supple-
ment Health and Education Act of 1994 (DSHEA). As
a result, it is exempt from prior FDA approval (in
contrast to prescription pharmaceuticals) and is
sold directly to the public, in health food stores
and other outlets, without prescription.

Efficacy of 5-HTP for non-IFN-induced
depression

As a result of the relative lack of regulatory
oversight, more definitive, large-scale studies of
efficacy and safety have not been conducted for
5-HTP. In conducting our own review of the litera-
ture, we were able to identify 27 studies which
evaluated the efficacy of 5-HTP for depression (to-
tal N = 990) (Turner et al., unpublished data; also
reviewed by Birdsall [32], Byerley et al. [34] and
Figure 2 Supplementation with the serotonin precursor
5-HTP should normalize serotonin synthesis despite
increased IDO activity.
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Shaw et al. [35]). Twelve of these studies were
double-blind, placebo-controlled. Unfortunately,
in four of these, the authors did not report the pla-
cebo response, rendering them uninterpretable. Of
the remaining studies, there were five in which 5-
HTP was statistically superior to placebo.

Overall, it is difficult to draw any definitive
conclusions regarding the efficacy of 5-HTP for
depression. However, these results do provide
some preliminary evidence for efficacy in non-IFN-
induced depression. Because we hypothesize that
IFN-induced depression is serotonergically medi-
ated, we anticipate that the response rate to 5-
HTP in this population will, if anything, be higher
than for depression due to other (possibly hetero-
geneous) etiologies.
Normalizing serotonin

SSRIs and 5-HTP

IFN appears to induce depression by at least two
mechanisms: by increasing serotonin reuptake and
by decreasing serotonin synthesis. We hypothesize
that, to adequately treat IFN-induced depression,
one must normalize synaptic serotonin by both
decreasing serotonin reuptake and by increasing
serotonin synthesis. The first can be accomplished
with selective serotonin reuptake inhibitors
(SSRIs). The second can be accomplished with the
dietary supplement 5-HTP, serotonin’s immediate
precursor. Together, these two interventions
should act synergistically (Fig. 3). We therefore
Interferon SSRI 5-HTP

↑ serotonin
reuptake

↓ serotonin
synthesis

↓ serotonin
reuptake

↑ serotonin
synthesis

↓ synaptic serotonin ↑ synaptic serotonin

Depression Antidepressant effect

Figure 3 IFN increases serotonin reuptake and
decreases serotonin synthesis, leading to decreased
synaptic serotonin. To reverse these effects, two med-
ications are needed: SSRIs decrease serotonin reuptake.
5-HTP acts by increasing serotonin synthesis. Together
these two should act synergistically to treat IFN-induced
depression.
propose that IFN-induced depression can be trea-
ted with a combination of 5-HTP and SSRI therapy.
Testing the hypothesis

From the number of studies that have been done
and the number of subjects that have been ex-
posed, there is reason to believe that 5-HTP is a
safe and effective treatment for depression. How-
ever, adequately powered double-blind placebo-
controlled trials of 5-HTP for depression are virtu-
ally nonexistent. Therefore, not only does the
hypothesis that the combination of SSRIs and 5-
HTP can treat IFN-induced depression need to be
tested, but the hypothesis that 5-HTP is effective
and safe for non-drug-induced depression needs
to be tested as well. As with any pharmacological
intervention, a double-blind, well-controlled trial
with an adequate sample size is needed to demon-
strate efficacy.

To test this intervention for interferon-induced
depression, an effective approach might be to pro-
phylactically treat patients on IFN with SSRIs, and
then augment with 5-HTP or placebo in those who
become depressed despite the SSRIs. The advan-
tage of this approach is that it limits exposure only
to those patients who do not respond to standard
treatment, as well as allowing 5-HTP to be tested
independently as an augmenting agent.

If a single adequately powered study fails to
show that the addition of 5-HTP is not significantly
more effective than the addition of placebo, this
does not necessarily mean that this hypothesis
should be immediately discarded. In large, well-
controlled trials submitted by pharmaceutical com-
panies for regulatory approval, drugs eventually
approved as antidepressants fail to demonstrate
superiority to placebo roughly half of the time
[36]. Antidepressant drug trials are thus said to suf-
fer from a lack of assay sensitivity [37]. While there
should be some leniency with regard to statistical
significance in the first study, it is nevertheless rea-
sonable to expect a statistical trend. Barring any
other methodological flaws, such as a failure to in-
clude carbidopa (see below), lack of a statistical
trend in two consecutive studies should be inter-
preted as a refutation of the hypothesis.
Co-administration of carbidopa

Another question that needs to be addressed with
clinical trials is whether 5-HTP should be given with
a peripheral decarboxylase inhibitor. The conver-
sion of 5-HTP to serotonin is regulated by the
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enzyme amino acid decarboxylase [38], the same
enzyme that regulates the conversion of LL-DOPA
to dopamine. Patients with Parkinson’s disease of-
ten receive treatment with Sinemet�, a combina-
tion of LL-DOPA and the decarboxylase inhibitor
carbidopa. By blocking peripheral conversion of LL-
DOPA to dopamine, more intact LL-DOPA traverses
the blood–brain barrier and reaches the CNS.

The same rationale exists for administering car-
bidopa along with 5-HTP. In the absence of carbi-
dopa, peripheral conversion of 5-HTP to serotonin
can result in little 5-HTP reaching the CNS. In the
presence of carbidopa, this peripheral conversion
is blocked. This was demonstrated in a recent study
of healthy volunteers in which the addition of
carbidopa resulted in a 14-fold increase in 5-HTP
plasma levels [39].

Efficacy studies have been conducted both with
and without the addition of a peripheral decarbox-
ylase inhibitor (PDI). However, there seems to be
no consensus as to whether the addition increases
the efficacy of 5-HTP (reviewed in Zmilacher
[40]). A study comparing 5-HTP to 5-HTP plus a
peripheral decarboxylase inhibitor (PDI) found that
GI side effects were dose-dependent and that they
occurred more frequently in patients receiving 5-
HTP alone. This may be because, in the absence
of a PDI, 5-HTP in the periphery is converted to
serotonin, causing increased gut motility [41]. Such
conversion is blocked by PDIs.
Safety of 5-HTP

Common adverse events

Generally, oral doses of 200–300 mg/day 5-HTP
have been well tolerated. The most common side
effects of 5-HTP are gastrointestinal (nausea, vom-
iting, and diarrhea) [34]. GI side effects are usually
moderate and often lessen or disappear once a
steady dosage is achieved [34]. Less commonly,
headache, insomnia, and palpitations can occur
[34]. Intravenous administration of 200–300 mg of
5-HTP can induce confusion, memory impairment,
and symptoms of behavioral activation (primarily
anxiety). These effects are generally much rarer
in oral doses, particularly at lower doses [34].
Eosinophilia myalgia syndrome (EMS)

In 1989 and 1990 there was an epidemic of EMS due
to ingestion of contaminated LL-tryptophan that af-
fected over 1500 people and caused at least thirty
eight deaths [42]. These cases sparked fears that 5-
HTP might also cause EMS.

In one 5-HTP-implicated case, an HPLC peak was
detected and referred to as Peak X. The chemical
structure of this contaminant was found to be sim-
ilar to case-implicated contaminants from LL-trypto-
phan shown to cause EMS [43]. In a 1998 study, 6
commercial preparations of 5-HTP were found to
contain Peak X, but at levels between 1/7 and
1/34 of that observed in a case-implicated batch
[44]. Some manufactures now test their 5-HTP
and claim that it is ‘‘Peak X free’’. However, be-
cause dietary supplements are regulated differ-
ently from drugs in the United States, it is
possible that some of the 5-HTP sold to the US pub-
lic may contain varying quantities of Peak X. This
could be a matter of concern to regulatory author-
ities involved in clinical research, such as the FDA
and institutional review boards (IRBs).

However, as of August 1998, the FDA reported
that only 10 cases of EMS possibly associated with
5-HTP had been documented worldwide, none
resulting in death [42]. No new cases of EMS have
since been reported. Also, a recent review ques-
tioned the credibility of the above-mentioned re-
ports of Peak X in 5-HTP on methodological
grounds [45].
Potential risks of SSRIs and 5-HTP given in
combination

Serotonin syndrome is a possible risk with any drug
that affects the serotonin system, including not
only 5-HTP but also SSRIs and tricyclic antidepres-
sants [46]. Serotonin syndrome is characterized
by hypertension, hyperthermia, flushing, hyperre-
flexia, dizziness, disorientation, and myoclonus
[47]. Cases of serotonin syndrome have been re-
ported in patients taking LL-tryptophan and fluoxe-
tine together [46] and in patients switching from
one SSRI to another [48].

In the case of 5-HTP, a similar syndrome has
been reported in dogs that accidentally ingested
and overdosed on their owners’ 5-HTP [49]. In hu-
mans, 5-HTP has been administered in combination
with SSRIs and tricyclic antidepressants [50]
(including the nonselective serotonin reuptake
inhibitor clomipramine [51]), MAOIs [52–54] and
tryptophan [55]. To our knowledge, however, sero-
tonin syndrome has not been reported in humans in
association with 5-HTP, either as monotherapy or
in combination with other medications. In view of
the small numbers (total N � 150) of patients ex-
posed in these studies, these safety findings,
although somewhat reassuring, must be regarded
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as preliminary. Thus we would advise vigilance to
investigators planning research with 5-HTP, either
as monotherapy or combination therapy.
Conclusion

Interferon-induced depression is a significant prob-
lem with considerable public health consequences.
Treating this type of depression will allow more pa-
tients to complete treatment for life threatening
illnesses, including hepatitis C and certain types
of cancer. We have hypothesized here that IFN
causes depression via a dual mechanism: by
increasing serotonin reuptake and by depleting
the substrate for serotonin synthesis. To address
these two mechanisms, we propose a combination
of SSRI and 5-HTP therapy. SSRIs will block seroto-
nin reuptake, while 5-HTP should restore CNS sero-
tonin synthesis. Together, these interventions
should act synergistically to normalize the func-
tioning of the serotonin system and alleviate IFN-
induced depression. However, the investigator is
advised to exercise caution until the relevant
safety issues are more fully understood.
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